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Description 

FIELD OF THE INVENTION 

The present invention relates to a heating/cooling 
apparatus made of a ceramics, which permits a rapid 
heating and a rapid cooling of various samples in such 
fields as biotechnology, chemistry, medicine and bioen- 
gineering, and achievement of a precise temperature 
control of the sample and a uniform temperature distri- 
bution in the sample. 

BACKGROUND OF THE INVENTION 

Various types of heating/cooling apparatus have 
conventionally been employed in the above-mentioned 
fields for the purpose of rapidly and accurately heating 
and cooling various samples under a precise tempera- 
ture control. In a heating/cooling apparatus of any of 
these types, a receptacle made of a metal such as alu- 
minum or the like for receiving an object to be heated or 
cooled, i.e., a sample, and a heating means are config- 
ured as two separate components. This results in a 
poorer heat transfer coefficiency from the heating 
means to the receptacle for the sample, makes it difficult 
to rapidly heat the sample : and furthermore, leads to a 
non-uniform temperature distribution in the sample. It is 
therefore difficult to achieve a desired heating pattern. 
The available cooling means of the sample include, on 
the other hand, a spontaneous cooling, a forced cooling 
with the use of a coolant such as a gas or a liquid, and 
a combination thereof. It is however difficult to precisely 
control a cooling rate by such a cooling means alone. It 
is thus conceivable to control the cooling rate by using 
any of the above-mentioned cooling means while sup- 
plying a prescribed heat quantity from the heating 
means to the sample. In this manner of cooling, howev- 
er, the heat supplied by the heating means cannot be 
efficiently transferred to the receptacle for the sample. 
It is therefore difficult to rapidly decrease the sample 
temperature to a desired temperature, and moreover, 
the temperature distribution in the sample is non-uni- 
form, resulting in difficulty in achieving a desired cooling 
pattern. 

An object of the present invention is therefore to 
provide a heating/cooling apparatus made of a ceram- 
ics, which solves the above-mentioned problems, and 
permits a rapid heating and a rapid cooling of various 
samples, allows a precise temperature control of the 
sample, thereby enabling a temperature control of the 
sample in accordance with a predetermined tempera- 
ture pattern, and achieving a uniform temperature dis- 
tribution in the sample. 

DISCLOSURE OF THE INVENTION 

According to the present invention there is provided 
a heating/cooling apparatus made of ceramics as de- 



fined in claims 1 and 6. 

In the heating/cooling apparatus made of a ceram- 
ics of the present invention, at least one of a face, at 
least one hole, at least one recess and at least one 
5 groove, the shape of which coincides with that of an ob- 
ject to be heated or cooled, i.e., a sample, for receiving 
the sample, to increase a contact area with the sample, 
is formed at an arbitrary position on a sintered body 
comprising an electrically insulating ceramics having a 
10 thermal conductivity of at least 10 W/(m • k). An electri- 
cally conductive resistance-heating element comprising 
a metal, an electrically conductive ceramics or carbon 
is buried into the sintered body. In the heating/cooling 
apparatus made of a ceramics of the present invention, 
is the whole of the above-mentioned sintered body may 
comprise an electrically conductive ceramics, thereby 
the sintered body itself forming a resistance-heating el- 
ement as a heating means. 

The heating/cooling apparatus made of a ceramics 
of the present invention further comprises a cooling 
means. The cooling means comprises a coolant feeder, 
provided outside the sintered body, forfeeding a coolant 
such as a gas or a liquid to the sintered body, on the one 
hand, and at least one of part of a surface of the sintered 
body, a rugged portion formed on part of a surface of 
the sintered body, at least one cooling through-hole, 
through which the coolant passes, formed in the sin- 
tered body, a heat -radiating plate having fins, provided 
on the sintered body, and a heat-radiating plate having 
a honeycomb structure, provided on the sintered body, 
each for effecting a heat exchange, on the other hand. 
The heat-radiating plate comprises any one of a metal 
and a ceramics. 

According to the heating/cooling apparatus made 
of a ceramics having the construction as described 
above, the sample is in contact with the face, at least 
one hole, at least one recess or at least one groove, 
each for receiving the sample, provided on the sintered 
body having a satisfactory thermal conductivity, so that 
the temperature of the sample rapidly becomes equal 
to the temperature of the sintered body, thus permitting 
a precise temperature control during the heating and the 
cooling of the sample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic perspective view illustrating a 
heating/cooling apparatus made of a ceramics of a first 
embodiment of the present invention, which comprises 
a sintered body made of a ceramics comprising alumi- 
num nitride. 

Fig. 2 is a schematic sectional view of Fig. 1 cut 
along the line A-AV 

Fig. 3 is a schematic exploded perspective view il- 
lustrating a manufacturing process of the heating/cool- 
ing apparatus made of a ceramics of the first embodi- 
ment of the present invention shown in Fig. 1 . 

Fig. 4 is a schematic descriptive view illustrating a 
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combination of the heating/cooling apparatus made of 
a ceramics of the first embodiment of the present inven- 
tion shown in Fig. 1 , and a coolant feeder. 

Fig. 5 is a graph illustrating a predetermined tem- 
perature pattern in a performance test of a heating/cool- s 
ing apparatus made of a ceramics. 

Fig. 6 is a schematic perspective view illustrating a 
heating/cooling apparatus made of a ceramics of a sec- 
ond embodiment of the present invention, which com- 
prises a sintered body made of a ceramics comprising 10 
aluminum nitride. 

Fig. 7 is a schematic sectional view of Fig. 6 cut 
along the line A-A\ 

Fig. 8 is a schematic perspective view illustrating 
two green blocks for the heating/cooling apparatus is 
made of a ceramics of the second embodiment of the 
present invention shown in Fig. 6. 

Fig. 9 is a schematic perspective view illustrating 
the state in which a resistance-heating element is at- 
tached onto one of the two green blocks shown in Fig. 8. 20 

Fig. 10 is a schematic perspective view illustrating 
a heating/cooling apparatus made of a ceramics of a 
third embodiment of the present invention, which com- 
prises a sintered body made of a ceramics comprising 
aluminum nitride, and a heat-radiating plate having fins, 2s 
as a cooling means. 

Fig. 11 is a schematic perspective view illustrating 
a heating/cooling apparatus made of a ceramics of a 
fourth embodiment of the present invention, which com- 
prises a sintered body made of a ceramics comprising 30 
aluminum nitride, and at least one cooling through-hole 
as a cooling means, formed in the sintered body. 

Fig. 12 is a schematic perspective view illustrating 
a heating/cooling apparatus made of a ceramics of a fifth 
embodiment of the present invention, which comprises 35 
a sintered body made of a ceramics comprising silicon 
carbide. 

Fig. 13 is a schematic perspective view illustrating 
a green block for the heating/cooling apparatus made 
of a ceramics of the fifth embodiment of the present in- 40 
vention shown in Fig. 12. 

Fig. 14 is a schematic perspective view illustrating 
a green block having holes formed therein for receiving 
objects to be heated or cooled, i.e., samples, for the 
heating/cooling apparatus made of a ceramics of the *s 
fifth embodiment of the present invention shown in Fia 
12. y " 

Fig. 15 is a schematic descriptive view illustrating a 
combination of the heating/cooling apparatus made of 
a ceramics of the fifth embodiment of the present inven- so 
tion shown in Fig. 12, and a coolant feeder. 

Fig. 16 is a schematic perspective view illustrating 
a heating/cooling apparatus made of a ceramics of a 
sixth embodiment of the present invention, which com- 
prises a sintered body made of a ceramics comprising ss 
aluminum nitride, provided with at least one peephole. 

Fig. 1 7 is a schematic sectional view of Fig 1 6 cut 
along the line A-A'. 



Fig. 18 is a schematic perspective view illustrating 
a heating/cooling apparatus made of a ceramics of a 
seventh embodiment of the present invention, which 
comprises a sintered body made of a ceramics compris- 
ing aluminum nitride. 

Fig. 19 is a schematic sectional view of Fig. 18 cut 
along the line A-A'. 

Fig. 20 is a schematic sectional view of Fig. 18 cut 
along the line B-B\ illustrating the heating/cooling appa- 
ratus made of a ceramics of the seventh embodiment of 
the present invention shown in Fig. 1 8, which is attached 
with a sample receptacle. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



Now, the heating/cooling apparatus made of a ce- 
ramics of the present invention is described further in 
detail with reference to the drawings. 

Fig. 1 is a schematic perspective view illustrating a 
heating/cooling apparatus made of a ceramics of a first 
embodiment of the present invention, which comprises 
a sintered body made of a ceramics comprising alumi- 
num nitride, and Fig. 2 is a schematic sectional view of 
Fig. 1 cut along the line A-A'. The heating/cooling appa- 
ratus made of a ceramics of the first embodiment of the 
present invention is manufactured as follows. As shown 
in Fig. 3, holes 2 and 3 for receiving samples are formed 
in each of green sheets 7, 8 and 1 0 made of a ceramics 
comprising aluminum nitride. With the use of a paste 
prepared by kneading at least one powdery raw material 
selected from the group consisting of tungsten, molyb- 
denum and rhenium, a resistance-heating element 5 is 
formed on the surface of the green sheet 8 by a method 
such as a screen printing. Then, the green sheets 7, 8 
and 10 are piled one upon another, and a sintered body 
1 is formed by sintering these green sheets 7, 8 and 10 
thus piled up. The sintered body 1 thus formed has a 
shape as shown in Fig. 1 , and the side surfaces opposite 
to each other have electrodes 4 and 4', respectively, 
connected to the resistance-heating element 5. 

Then, a performance test was carried out by using 
the heating/cooling apparatus made of a ceramics pre- 
pared as described above. Fig. 4 is a schematic descrip- 
tive view illustrating a combination of the above-men- 
tioned heating/cooling apparatus of the first embodi- 
ment of the present invention, and a coolant feeder. 
When heating a sample, voltage was impressed on the 
electrodes 4 and 4'. When cooling the sample, a cooling 
gas was supplied to the heating/cooling apparatus by 
means of a blower 1 1 as the coolant feeder. Each of test 
tubes having a thermocouple received therein was in- 
serted into each of the holes 2 and 3 to investigate the 
performance of the heating/cooling apparatus. Temper- 
ature of each test tube was subjected to a PI D (abbre- 
viation of proportional-plus-integral-plus-derivative) 
control on the basis of the temperature measured by the 
thermocouple, so that the temperature of the test tube 
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coincided with a target temperature. Electric power of 
the resistance-heating element 5 was controlled with the 
use of a thyristor. 

The performance test was carried out as follows. 
Two test tubes filled with objects to be heated or cooled, 
i.e., samples, were inserted respectively into the holes 
2 and 3 for receiving samples of the heating/cooling ap- 
paratus, and the samples were heated or cooled with 
the use of the above-mentioned heating/cooling appa- 
ratus in accordance with a predetermined temperature 
pattern as shown in Fig. 5, thereby precisely controlling 
the temperature of the samples. More specifically,. the 
test tubes each receiving 1.5 m€ of pure water were in- 
serted respectively into the holes 2 and 3, each having 
an inside diameter agreeing with the outside diameter 
of the test tubes, of the heating/cooling apparatus 
shown in Fig. 1. A thermocouple for measuring temper- 
ature was immersed into the middle of pure water re- 
ceived in each of the test tubes. Pure water in each of 
the two test tubes showed an initial temperature of 17 
°C, as measured by the thermocouple. 

Subsequently, a program regarding set tempera- 
tures and set periods for heating and cooling pure water, 
was input into a controller for controlling the operation 
of the heating/cooling apparatus. The above-mentioned 
program comprised, as shown in Fig. 5: increasing the 
temperature of pure water to 95°C (hereinafter referred 
to as the "first set temperature"), then keeping this tem- 
perature for ten minutes (hereinafter referred to as the 
"first set period"), then decreasing the temperature of 
pure water to 4°C (hereinafter referred to as the "second 
set temperature"), then keeping this temperature for 60 
minutes (hereinafter referred to as the "second set pe- 
riod"), then increasing again the temperature of pure 
water to 25°C (hereinafter referred to as the "third set 
temperature"), then keeping this temperature for 20 min- 
utes (hereinafter referred to as the "third set period" ), 
and then discontinuing the operation of the heating/cool- 
ing apparatus. 

Then, the heating/cooling apparatus was operated 
under the control by means of the controller, and actual 
changes in temperature with time of pure water received 
in each of the two test tubes, were measured by the ther- 
mocouple. The results of measurement were as follows. 
Upon the lapse of eight seconds after the start of oper- 
ation of the heating/cooling apparatus, the temperature 
of pure water in each of the test tubes increased to 95 
°C which was the first set temperature. Thereafter, dur- 
ing ten minutes which were the first set period, the tem- 
perature of pure water in each of the test tubes was kept 
at a temperature of 95 ± 0.1 °C. Then, upon the lapse of 
20 seconds after the first set period, the temperature of 
pure water in each of the test tubes decreased to 4°C 
which was the second set temperature. Then, during 60 
minutes which were the second set period, the temper- 
ature of pure water in each of the test tubes was kept at 
a temperature of 4 ± 0.1 °C. Subsequently, upon the 
lapse of two seconds after the second set period, the 



temperature of pure water in each of the test tubes in- 
creased to 25°C which was the third set temperature. 
Then, during 20 minutes which were the third set period, 
the temperature of pure water in each of the test tubes 
5 was kept at a temperature of 25 ±0.1 °C, and thereafter, 
the operation of the heating/cooling apparatus was dis- 
continued. 

The sintered body 1 of the heating/cooling appara- 
tus made of a ceramics of the above-mentioned first em- 

10 bodiment of the present invention, has been described 
above as comprising an electrically insulating ceramics 
comprising aluminum nitride. The sintered body 1 may 
however comprise an electrically insulating ceramics 
comprising at least one of silicon carbide, silicon nitride, 

is aluminum oxide and beryllium oxide, other than alumi- 
num nitride. The material for forming the resistance- 
heating element 5 is not limited to at least one metal 
selected from the group consisting of tungsten, molyb- 
denum and rhenium, but may be carbon, and further- 

20 more, may be at least one electrically conductive ceram- 
ics selected from the group consisting of silicon carbide, 
titanium nitride, molybdenum silicide, zirconium boride, 
tungsten carbide and tantalum carbide. In addition, in 
the heating/cooling apparatus made of the ceramics of, 

25 the above-mentioned first embodiment of the present in- 
vention, the resistance-heating element 5 is buried in 
the form of a single layer into the sintered body 1 . How- 
ever, a resistance-heating element comprising a plural- 
ity of layers may be buried into the sintered body 1 . In 

30 the heating/cooling apparatus of the above-mentioned 
first embodiment of the present invention, the holes 2 
and 3 for receiving the samples may have any shape in 
any number. 

Fig. 6 is a schematic perspective view illustrating a 

35 heating/cooling apparatus made of a ceramics of a sec- 
ond embodiment of the present invention, which com- 
prises a sintered body made of a ceramics comprising 
aluminum nitride, and Fig. 7 is a schematic sectional 
view of Fig. 6 cut along the line A-A*. The heating-cooling 

40 apparatus made of a ceramics of the second embodi- 
ment of the present invention is manufactured as fol- 
lows. A powdery raw material comprising aluminum ni- 
tride is charged into a metallic mold not shown to form 
two green blocks 21 and 22 as shown in Fig. 8. Then, 

45 resistance-heating elements 1 9 and 20 each comprising 
a coiled wire made of at least one metal selected from 
the group consisting of tungsten, molybdenum and rhe- 
nium, are arranged on the surface of the green block 22 
as shown in Fig. 9. Then, the other green block 21 is 

so placed upon the green block 22, and as shown in Figs. 
6 and 7, holes 13, 14, 15 and 16 for receiving samples 
are formed by means of a cutting. Thereafter, the two 
green blocks thus provided with the holes are sintered 
by a hot press method, thereby preparing a sintered 

55 body 12 made of a ceramics comprising aluminum ni- 
tride having the resistance-heating elements 19 and 20 
buried therein. Then, the side surfaces of the sintered 
body 12 are ground to expose ends of the coiled wires 
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as the resistance-heating elements 19 and 20. Then, 
electrodes 17 and 18 are brazed onto the ends of the 
coiled wires thus exposed. 

A performance test of the heating/cooling appara- 
tus made of a ceramics of the above-mentioned second s 
embodiment of the present invention was carried out in 
the same manner as in that of the heating/cooling ap- 
paratus made of the ceramics of the first embodiment 
of the present invention. As in the performance test of 
the heating/cooling apparatus of the first embodiment of 10 
the present invention, a blower as a coolant feeder was 
arranged below the heating/cooling apparatus, thereby 
blowing a cooling gas toward the heating-cooling appa- 
ratus to cool same. The temperature of the sample was 
controlled also in the same manner as in the perform- is 
ance test of the heating/cooling apparatus of the first 
embodiment of the present invention. Also in the per- 
formance test of the heating/cooling apparatus of the 
second embodiment of the present invention, there 
were obtained excellent results of the performance test 20 
as in the heating/cooling apparatus of the first embodi- 
ment of the present invention. Furthermore, the heating/ 
cooling apparatus of the second embodiment of the 
present invention was improved by providing a rugged 
portion or fins by means of a grinding on part of the sur- 2S 
face of the sintered body 1 2, and the same performance 
test as described above was carried out for each of such 
improvements. There were obtained excellent results of 
the performance test as in the heating/cooling appara- 
tus of the second embodiment of the present invention. 30 
Particularly within a range of temperature of from 1 00 to 
600°C, there was available a cooling rate higher than 
that in the heating/cooling apparatus of the first embod- 
iment of the present invention. In the heating/cooling ap- 
paratus of the second embodiment of the present inven- 35 
tion, the holes 13, 14, 15 and 16 for receiving samples 
may be of any shape in any number, and the resistance- 
heating elements 1 9 and 20 may be in any number. 

Fig. 10 is a schematic perspective view illustrating 
a heating/cooling apparatus made of a ceramics of a 40 
third embodiment of the present invention, which com- 
prises a sintered body made of a ceramics comprising 
aluminum nitride, and a heat-radiating plate having fins, 
as a cooling means. The heating/cooling apparatus of 
the third embodiment of the present invention is config- 45 
ured by forming a metallic layer comprising at least one 
metal of copper, nickel, molybdenum and manganese 
on the lower surface of the heating/cooling apparatus of 
the above-mentioned second embodiment of the 
present invention, and then brazing a metallic heat-ra- so 
diating plate 30 having fins, as a cooling means, onto 
the metallic layer In Fig. 10, 23 is a sintered body; 24, 
25, 26 and 27 are holes for receiving samples; and 28 
and 29 are electrodes. 

A performance test of the heating/cooling appara- ss 
tus made of a ceramics of the above-mentioned third 
embodiment of the present invention was carried out in 
the same manner as in that of the heating/cooling ap- 



paratus made of a ceramics of the first embodiment of 
the present invention. Also in the performance test of 
the heating/cooling apparatus of the third embodiment 
of the present invention, there were obtained excellent 
results of the performance test as in the heating/cooling 
apparatus of the first embodiment of the present inven- 
tion. Particularly within a range of temperature of from 
100 to 600°C, there was available a cooling rate higher 
than that of the heating/cooling apparatus of the first em- 
bodiment of the present invention, in the heating/cooling 
apparatus of the third embodiment of the present inven- 
tion, the metallic heat-radiating plate 30 having fins, as 
a cooling means, has been described as being provided 
on the lower surface of the sintered body 23. However, 
the above-mentioned heat-radiating plate 30 may be 
provided on a surface other than the lower surface of 
the sintered body 23, for example, on a side surface 
thereof. Furthermore, the above-mentioned heat-radiat- 
ing plate 30 may have a honeycomb structure in place 
of the fins. 

Fig. 11 is a schematic perspective view illustrating 
a heating/cooling apparatus made of a ceramics of a 
fourth embodiment of the present invention, which com- 
prises a sintered body made of a ceramics comprising 
aluminum nitride, and at least one cooling through-hole 
as a cooling means, formed in the sintered body. The 
heating/cooling apparatus of the fourth embodiment of 
the present invention is configured by forming cooling 
through-holes 38 and 39 as cooling means, as shown 
in Fig. 11, by means of an ultrasonic working, a diamond 
grinding or the like, in the sintered body of the heating/ 
cooling apparatus of the second embodiment of the 
present invention. In Fig. 11, 31 is a sintered body; 32, 
33, 34 and 35 are holes for receiving samples; and 36 
and 37 are electrodes. When cooling samples with the 
use of the heating/cooling apparatus of the fourth em- 
bodiment of the present invention, a cooling gas is sup- 
plied into the cooling through-holes 38 and 39. 

A performance test of the heating/cooling appara- 
tus made of a ceramics of the above-mentioned fourth 
embodiment of the present invention was carried out in 
the same manner as in that of the heating/cooling ap- 
paratus made of a ceramics of the first embodiment of 
the present invention. Also in the performance test of 
the heating/cooling apparatus of the fourth embodiment 
of the present invention, there were obtained excellent 
results of the performance test as in the heating/cooling 
apparatus of the first embodiment of the present inven- 
tion. Particularly within a range of temperature of from 
100 to 600 °C, there was available a cooling rate higher 
than that of the heating/cooling apparatus of the first em- 
bodiment of the present invention. In the performance 
test of the heating/cooling apparatus of the fourth em- 
bodiment of the present invention, a cooling gas has 
been described as being supplied into the cooling 
through-holes 38 and 39 as the cooling means. Howev- 
er, a liquid coolant may be supplied into the cooling 
through-holes 38 and 39. A partition having a honey- 
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comb structure may be provided as required in each of 
the cooling through-holes 38 and 39. 

Fig. 12 is a schematic perspective view illustrating 
a heating/cooling apparatus made of a ceramics of a fifth 
embodiment of the present invention, which comprises s 
a sintered body made of a ceramics comprising silicon 
carbide. In Fig. 12, 40 is a sintered body made of an 
electrically conductive ceramics comprising silicon car- 
bide; and 41 and 42 are holes for receiving samples. 
The heating/cooling apparatus made of a ceramics of 
the fifth embodiment of the present invention is manu- 
factured as follows. A powdery raw material comprising 
an electrically conductive ceramics comprising silicon 
carbide is charged into a metallic mold not shown to form 
a green block 45 as shown in Fig. 13. Then, as shown 
in Fig. 14, holes 41 and 42 for receiving samples are 
formed in the green block 45 by means of a cutting. Sub- 
sequently, the green block 45 thus provided with the 
holes 41 and 42 is sintered under the known sintering 
conditions. Then, metallic layers as electrodes 43 and 
44 are attached, as shown in Fig. 12, onto the opposing 
side surfaces of the resultant sintered body 40, respec- 
tively. In the heating/cooling apparatus of the fifth em- 
bodiment of the present invention, the sintered body 40 
itself forms a resistance-heating element serving as a 
heating means. There is no need therefore to specifical- 
ly provide resistance-heating element in the sintered 
body 40. 

A performance test of the heating/cooling appara- 
tus made of a ceramics of the above-mentioned fifth em- 
bodiment of the present invention was carried out in the 
same manner as in that of the heating/cooling apparatus 
made of a ceramics of the first embodiment of the 
present invention. As in the performance test of the 
heating/cooling apparatus of the first embodiment of the 
present invention, a blower 50 as a coolant feeder was 
arranged, as shown in Fig. 1 5, belowthe heating/cooling 
apparatus, thereby blowing a cooling gas toward the 
heating/cooling apparatus to cooling same. Also in the 
performance test of the heating/cooling apparatus of the 
fifth embodiment of the present invention, there were 
obtained excellent results of the performance test as in 
the heating/cooling apparatus of the first embodiment of 
the present invention. 

The sintered body 40 of the heating/cooling appa- 
ratus of the fifth embodiment of the present invention 
has been described above as comprising an electrically 
conductive ceramics comprising silicon carbide, but the 
sintered body 40 may comprise any one electrically con- 
ductive ceramics selected from the group consisting of 
titanium nitride, a mixture of aluminum nitride and car- 
bon and a mixture of silicon nitride and molybdenum sil- 
icide, otherthan silicon carbide. The heating/cooling ap- 
paratus of the fifth embodiment of the present invention 
has been described above as having the two holes 41 
and 42 for receiving samples. It is not however limited 
to this structure, but the holes may be of any shape in 
any number. It is also possible, as required, to provide 



the sintered body 40 with a heat-radiating plate having 
fins, a heat-radiating plate having a honeycomb struc- 
ture, or at least one cooling through-hole, as a cooling 
means. 

Fig. 16 is a schematic perspective view illustrating 
a heating/cooling apparatus made of a ceramics of a 
sixth embodiment of the present invention, which com- 
prises a sintered body made of a ceramics comprising 
aluminum nitride, provided with at least one peephole. 
In Fig. 16, 51 is a sintered body; 52 and 53 are holes for 
receiving samples; 54 is an electrode; 55 and 56 are 
peepholes for visually or optically observing samples in 
test tubes, for example; and 57, 58 and 59 are cooling 
through-holes, as cooling means, through which a cool- 
ant passes. Fig. 17 is a schematic sectional view of Fig. 
16 cut along the line A-A'. In Fig. 17, 63 is a resistance- 
heating element. According to the heating/cooling ap- 
paratus of the sixth embodiment of the present inven- 
tion, it is possible to observe, through the peepholes 55 
and 56, the state of samples while appropriately control- 
ling the temperature of the samples. The peepholes 55 
and 56 may be ol any shape in any number. It is possible 
to form optical paths for observation by filling the peep- 
holes 55 and 56 with any one of an optically permeable 
ceramics, an optically permeable glass and an optically 
permeable resin. In the heating/cooling apparatus of the 
sixth embodiment of the present invention, there is used 
a combination of: (1 ) any one of the several kinds of the 
chemical composition of the sintered body, and (2) any 
one of the several kinds of the chemical composition of 
the resistance-heating element, as described above in 
relation to the above-mentioned first to fifth embodi- 
ments of the present invention. The holes 52 and 53 for 
receiving samples may be of any shape in any number. 

Fig. 18 is a schematic perspective view illustrating 
a heating/cooling apparatus made of a ceramic of a sev- 
enth embodiment of the present invention, which com- 
prises a sintered body made of a ceramics comprising 
aluminum nitride. In Fig. 18, 60 is a sintered body made 
of a ceramics comprising aluminum nitride; 61 is an 
electrode; and 62 are a plurality of cooling through-holes 
as cooling means, through which a coolant passes. Fig. 

1 9 is a schematic sectional view of Fig. 1 8 cut along the 
line A-A'. In Fig. 19, 66 is a resistance-heating element 
comprising tungsten, connected to the electrode 61 . Fig. 

20 is a schematic sectional view of Fig. 1 8 cut along the 
line B-B\ illustrating the heating/cooling apparatus of 
the seventh embodiment of the present invention shown 
in Fig. 18, which is attached with a sample receptacle 
64. In Fig. 20, 65 are a plurality of recesses for samples; 
and 62 is a cooling through-hole as a cooling means. 

A performance test of the heating/cooling appara- 
tus made of a ceramics of the above-mentioned seventh 
embodiment of the present invention was carried out in 
the same manner as in that of the heating/cooling ap- 
paratus made of a ceramics of the first embodiment of 
the present invention. Pure water identical with that in 
the performance test of the heating/cooling apparatus 
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of the first embodiment of the present invention, was 
poured into each of the recesses for samples 65. Also 
in the performance test of the heating/cooling apparatus 
of the seventh embodiment of the present invention, 
there was employed the same temperature controlling 
method as that in the performance test of the heating/ 
cooling apparatus of the first embodiment of the present 
invention. More specifically, the control of temperature 
was effected on the basis of the temperatures of pure 
water measured by means of the thermocouple im- 
mersed into pure water received in each of the recesses 
for samples 65. Satisfactory results of the performance 
test were obtained in the performance test of the heat- 
ing/cooling apparatus of the seventh embodiment of the 
present invention. An error between the temperature of 
pure water in each of the recesses for samples 65 and 
the target temperature was within ± 1 °C. In the heating/ 
cooling apparatus of the seventh embodiment of the 
present invention, there may be used a combination of: 
(1 ) any one of the several kinds of the chemical compo- 
sition of the sintered body, (2) any one of the several 
kinds of the chemical composition of the resistance- 
heating element, and (3) any one of the several kinds of 
the cooling means, as described above in relation to the 
above-mentioned first to fifth embodiments of the 
present invention. 

INDUSTRIAL APPLICABILITY 

According to the heating/cooling apparatus made 
of a ceramics of the present invention, as described 
above in detail, it is possible to rapidly heat and cool 
various samples, to precisely control the temperature of 
the sample, to keep a uniform temperature distribution 
in the sample, and to conduct a precise temperature 
control in accordance with a predetermined complicated 
temperature program, which was impossible by any of 
the conventional technologies, thus providing useful ef- 
fects in such fields as biotechnology, chemistry, medi- 
cine and bioengineering, and providing industrially use- 
ful effects. 
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Claims 

1. A heating/cooiing apparatus made of a ceramics, 
which comprises: 

a sintered body (1 ,12;23;31 ;51 ;60) having at 
least one of : 

a face, at least one hole (2,3;1 3-16;24-27; 
32-35;52,53), at least one recess (65) and at 
least one groove, each for receiving an object 
to be heated or cooled, said sintered body (1; 
12;23;31;51;60) comprising an electrically in- 
sulating ceramics having a thermal conductivity 
of at least 10 W/(m<»k) ; 

at least one resistance-heating element (5; 



45 



so 



ss 



1 9,20;63) serving as a heating means, which is 
buried into said sintered body (1 ;122331 51 : 
60); and ' 
a cooling means comprising a coolant feeder 
(11 ;50), provided outside said sintered body (1 ; 
12;23;31;51;60), for feeding a coolant to said 
sintered body, and at least one of: part of a sur- 
face of said sintered body, a rugged portion 
formed on part of a surface of said sintered 
body, at least one cooling through-hole (38,39; 
57-59;62), through which said coolant passes,' 
formed in said sintered body, a heat-radiating 
plate (30) having fins, provided on said sintered 
body, and a heat-radiating plate having a hon- 
eycomb structure, provided on said sintered 
body, each for effecting a heat exchange with 
said fed coolant. 

:. A heating/cooling apparatus made of a ceramics as 
claimed in claim 1 : wherein: 

said sintered body (1 ; 1 2; 23; 31 ; 5 1 ;60) comp ris- 
es said electrically insulating ceramics com- 
prising at least one selected from the group 
consisting of aluminum nitride, silicon carbide, 
silicon nitride, aluminum oxide and beryllium 
oxide. 

A heating/cooling apparatus made of a ceramics as 
claimed in claim 1 or 2, wherein: 

said resistance-heating element (5;19,20;63) 
comprises any one of a metal, an electrically 
conductive ceramics and carbon. 

A heating/cooling apparatus made of a ceramics as 
claimed in claim 3, wherein: 

said resistance-heating element comprises at 
least one metal selected from the group con- 
sisting of tungsten, molybdenum and rhenium. 

A heating/cooling apparatus made of a ceramics as 
claimed in claim 3, wherein: 

said resistance-heating element comprises at 
least one electrically conductive ceramics se- 
lected from the group consisting of silicon car- 
bide, titanium nitride, molybdenum silicide, zir- 
conium boride, tungsten carbide and tantalum 
carbide. 

A heating/cooling apparatus made of a ceramics, 
which comprises: 

a sintered body (40) having at least one of : 

a face, at least one hole (41,42), at least one 
recess and at least one groove, each for receiv- 
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ing an object to be heated or cooled, the whofe 
of said sintered body (40) comprising an elec- 
trically conductive ceramics, thereby said sin- 
tered body (40) itself forming a resistance-heat- 
ing element serving as a heating means; and 
a cooling means comprising a coolant feeder 
(11;50) provided outside said sintered body 
(40), for feeding a coolant to said sintered body, 
and at least one of : part of a surface of said 
sintered body, a rugged portion formed on part 
of a surface of said sintered body, at least one 
cooling through-hole (38,39;57-59;62), through 
which said coolant passes, formed in said sin- 
tered body, a heat-radiating plate (30) having 
fins, provided on said sintered body, and a heat- 
radiating plate having a honeycomb structure, 
provided on said sintered body, each for effect- 
ing a heat exchange with the fed coolant. 

7. A heating/cooling apparatus made of a ceramics as 
claimed in claim 6, wherein: 

said sintered body (40) comprises any one 
electrically conductive ceramics selected from 
the group consisting of silicon carbide, titanium 
nitride, a mixture of aluminum nitride and car- 
bon and a mixture of silicon nitride and molyb- 
denum silicide. 

8. A heating/cooling apparatus made of a ceramics as 
claimed in any one of the claims 1 to 7, wherein: 

said heat-radiating plate comprises any one of 
a metal and a ceramics. 

9. A heating/cooling apparatus made of a ceramics as 
claimed in any one of claims 1 to 7, wherein: 

said at least one cooling through-hole compris- 
es a plurality of through-holes (57,58,59), and 
each of said plurality of through-holes has a 
honeycomb structure. 

1 0. A heating/cooling apparatus made of a ceramics as 
claimed in any one of the preceding claims, where- 
in: 

at least one peephole (55,56) for observing said 
object to be heated or cooled, which communi- 
cates with said at least one hole, said at least 
one recess or said at least one groove of said 
sintered body (1;12;23;31;40;51;60), for re- 
ceiving said object to be heated or cooled, is 
formed in said sinted body (1;12;23;31;40;51; 
60). 

11. A heating/cooling apparatus made of a ceramics as 
claimed in claim 10. wherein: 



said at least one peephole (55,56) is filled with 
any one of an optically permeable ceramics, an 
optically permeable glass and an optically per- 
meable resin. 



Patentanspruche 

1 . Erwarmungs-/Kuhlvorrichtung aus Keramik, umfas- 
io send: 

einen Sinterkorper (1;12;23;31;51;60) mit min- 
destens jeweils einer Flache, mindestens ei- 
nem Loch (2;3;13-16;24-27;32-35;52,53), min- 

15 destens einer Ausnehmung (65) und bzw.min- 

destens einer Nut bzw. Rille, jede(s) jeweils zur 
Aufnahme eines zu erwarmenden Oder zu kuh- 
lenden Gegenstands, wobei der Sinterkorper 
(1 ; 1 2;23;31 ;51 ;60) aus einem elektrisch isolie- 

20 renden Keramikmaterial mit einem Warmeleit- 

wert von mindestens 10 W/(m-k) besteht, 
mindestens ein als Erwarmungseinrichtung 
dienendes Widerstandsheizelement (5; 19,20; 
63), das in den Sinterkorper (1 ;1 2;23;31 ;51 ;60) 

25 eingebettet ist, sowie 

eine Kuhieinrichtung mit einer aufcerhalb des 
Sinterkorpers (1;12;23;31;51;60) vorgesehe- 
nen Kuhlmittelzufuhrung (1 1 ;50) zum Zufuhren 
eines Kuhlmittels zu dem Sinterkorper, sowie 

30 mit mindestens jeweils einem Teil einer Ober- 

flache des Sinterkorpers, einem auf einem Teil 
- einer Oberflache des Sinterkorpers gebildeten, 
aufgerauhten Abschnitt, mindestens einem in 
dem Sinterkorper ausgebildeten Kuhlungs- 

35 Durchgangsloch (38,39;57-59;62), welches 

das Kuhlmittelpassiert, einer an dem Sinterkor- 
per vorgesehenen, Warmeabstrahlenden Plat- 
te (30) mit Stegen bzw. Rippen, sowie (bzw.) 
einer an dem Sinterkorper vorgesehenen, War- 

*o me abstrahlenden Platte mit einer Wabenstruk- 

tur, jeweils zum Bewirken eines Warmeaustau- 
sches mit dem zugefuhrten Kuhlmittel. 

2. Erwarmungs-ZKuhlvorrichtung aus Keramik nach 
*s Anspruch 1 , wobei 

der Sinterkorper (1;12;23;31;51;60) das elek- 
trisch isolierende Keramikmaterial umfaGt, wel- 
ches mindestens einen aus der aus Aluminium- 
;o nitrid, Siliziumkarbid, Siliziumnitrid, Aluminium- 

oxid und Berylliumoxid bestehenden Gruppe 
ausgewahlten Stoff aufweist. 

3. Erwarmungs-/Kuhlvorrichtung aus Keramik nach 
> s Anspruch 1 oder 2, wobei 

das Widerstandsheizelement (5;19,20;63) aus 
einem Metall, einem elektrisch leitfahigen Ke- 
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ramikmaterial oder Kohlenstoff besteht. 

4. Erwarmungs-/Kuhlvorrichtung aus Keramik nach 
Anspruch 3. wobei 

i 

das Widerstandsheizelement mindestens ein 
aus der aus Wolfram, Molybdan und Rhenium 
bestehenden Gruppe ausgewahltes Metallauf- 
weist. 

ii 

5. ErwarmungsVKuhlvorrichtung aus Keramik nach 
Anspruch 3, wobei 

das Widerstandsheizelement mindestens ein 
aus der aus Siliziumkarbid, Titannitrid, Moiyb- is 
dansilicid, Zirkonborid, Woiframkarbid undTan- 
talkarbid bestehenden Gruppe ausgewahltes, 
efektrisch leitfahiges Keramikmaterial auf- 
weist. 

20 

6. Erwarmungs-/KGhlvorrichtung aus Keramik, die 
umfafct: 

einen Sinterkorper (40) mit mindestens jeweils- 
einer Flache, mindestens einem Loch (41,42), 25 
mindestens einer Ausnehmung und (bzw.) min- 
destens einer Nut bzw. Rille, jeweils zur Auf- 
nahme eines zu erwarmenden oder zu kGhlen- 
den Gegenstands, wobei der gesamte Sinter- 
korper (40) ein efektrisch leitendes Keramikma- 30 
teria! aufweist, wodurch der Sinterkorper (40) 
seJbst ein Widerstandsheizelement bildet, das 
als Erwarmungseinrichtung dient, und 
eine Kuhleinrichtung mit einer auBerhalb des " 
Sinterkorpers (40) vorgesehenen Kuhlmittelzu- 35 
f uhr (1 1 ;50) zum Zufuhren eines KOhlmittels zu 
dem Sinterkorper, sowie mit mindestens je- 
weils einem Teil einer Oberflache des Sinter- 
korpers, einem auf einem Teil einer Oberflache 
des Sinterkorpers gebildeten, aufgerauhten 40 
Abschnitt, mindestens einem in dem Sinterkor- 
per ausgebildeten Kuhlungs-Durchgangsloch 
(38,39;57-59;62), welches das Kuhlmittel pas- 
siert, einer an dem Sinterkorper vorgesehenen, 
Warme abstrahlenden Platte (30) mit Stegen 45 
bzw. Rippen sowie (bzw.) einer an dem Sinter- 
korper vorgesehenen, Warme abstrahlenden 
Platte mit einer Wabenstruktur, jeweils zum Be- 
wirken eines Warrneaustausches mit dem zu- 
gefuhrten Kuhlmittel. so 

\ Erwarmungs/Kuhlvorrichtung aus Keramik nach 
Anspruch 6, wobei 

der Sinterkorper (40) irgendein elektrisch leit- ss 
fahiges, aus der aus Siliziumkarbid, Titannitrid, 
einer Mischung aus Aluminiumnitrid und Koh- 
lenstoff sowie einer Mischung aus Siliziumnitrid 
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und Molybdansilicid bestehenden Gruppe aus- 
gewahltes Keramikmaterial aufweist. 

8. Erwarmungs-/Kuhlvorrichtung aus Keramik nach 
einem der Anspruche 1 bis 7, wobei 

die Warme abstrahlende Platte aus irgendei- 
nem Metall oder Keramikmaterial besteht. 

9. Erwarmungs-/Kuhlvorrichtung aus Keramik nach 
einem der Anspruche 1 bis 7, wobei 

das mindestens eine Kuhlungs-Durchgangs- 
loch eine Anzahl von Durchgangslochern 
(57,58,59) umfaBt und jedes der Anzahl von 
Durchgangslochern eine Wabenstruktur auf- 
weist. 

10. Erwarmungs-/Kuhlvorrichtung aus Keramik nach 
einem der vorangehenden Anspruche, wobei 

mindestens ein Schauloch (55,56) zum Beob- 
achten des zu erwarmenden oder zu kuhlen- 
den Gegenstands, welches mit dem minde- 
stens einen Loch, der mindestens einen Aus- 
nehmung oder der mindestens einen Nut bzw 
Rille des Sinterkorpers (1;12;23;31;40;51 ;60) 
zur Aufnahme des zu erwarmenden oder zu 
kuhlenden Gegenstands in Verbindung stent, 
in dem Sinterkorper (1 ; 1 2;23;31 ;40;51 ;60) aus - 
gebildet ist 

11- Erwarmungs-/Kuhfvorrichtung aus Keramik nach 
Anspruch 10, wobei 

das mindestens eine Schauloch (55,56) mit ei- 
nem Stoff aus einem optisch durchlassigen Ke- 
ramikmaterial, einem optisch durchlassigen 
Glas oder einem optisch durchlassigen Harz 
gefullt ist. 



Revendications 

. Appareil de chauffage-refroidissement forms d'une 
c6ramique, qui comprend : 

un corps frittd (1 ; 12 ; 23 ; 31 ; 51 ; 60) ayant 
au moins : 

une face, au moins un trou (2, 3; 13-16; 
24-27 ; 32-35 ; 52, 53), au moins une cavite 
(65) et au moins une gorge, chacun etant des- 
tine* a loger un objet a chauffer ou refroidir, le 
corps fritte (1 ; 12 ; 23 ; 31 ; 51 ; 60) compre- 
nant une ceVamique isolante de I'6lectricit6 
ayant une conductivity thermique au moins 
Sgale a 10 W/m.K, 

au moins un 6!6ment de chauffage par r6sis- 
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tance (5 ; 19, 20 ; 63) utilise comme dispositif 
de chauffage, enrobe dans le corps fritte (1 ; 
12 ; 23 ; 31 ; 51 ; 60), et 
un dispositif de refroidissement comprenant un 
organe d'alimentation (11 ; 50) en fluide de re- s 
froidissement place a I'exterieur du corps fritte 
(1 ; 12 ; 23 ; 31 ; 51 ; 60) destine a transmettre 
un fluide de refroidissement au corps fritte, et 
au moins un element choisi parmi une partie de 
la surface du corps fritte, une partie inegale for- 10 
mee sur une partie d'une surface du corps fritte, 
au moins un trou debouchant de refroidisse- 
ment (38, 39 ; 57-59 ; 62) par lequel circule le 
fluide de refroidissement, forme dans le corps 
fritte, une plaque de rayonnement (30) ayant is 
des ailettes et placee sur le corps fritte, et une 
plaque de rayonnement thermique ayant une 
structure en nid d'abeilles, placee sur le corps 
fritte, chaque element etant destine a effectuer 
un echange de chaleur avec le fluide de refroi- 20 
dissement transmis. 

Appareil de chauffage-refroidissement forme d'une 
ceramique selon la revendication 1 , dans lequel : 

25 

le corps fritte (1 ; 12 ; 23 ; 31 ; 51 ; 60) com- 
prend la ceramique isolante de I'electricite qui 
est au moins une ceramique choisie dans le 
groupe constitue par Le nitrure d'aluminium, le 
carbure de silicium, le nitrure de silicium, I'oxy- 30 
de d'aluminium et I'oxyde de beryllium. 

Appareil de chauffage-refroidissement forme d'une 
ceramique selon la revendication 1 ou 2, dans 
lequel : 35 

I'element de chauffage par resistance (5 ; 19, 
20 ; 63) contient une substance quelconque 
choisie parmi un metal, une ceramique conduc- 
trice de I'electricite et du carbone. 40 

Appareil de chauffage-refroidissement forme d'une 
ceramique selon La revendication 3, dans lequel : 

I'element de chauffage par resistance com- 45 
prend au moins un metal choisi dans le groupe 
constitu6 du tungstene, du molybdene et du 
rhenium. 

Appareil de chauffage-refroidissement forme d'une so 
ceramique selon la revendication 3, dans lequel : 

I'element de chauffage par resistance compor- 
ts au moins une ceramique conductrice de 
I'electricite cnoisie dans le groupe constitue par ss 
le carbure de silicium, le nitrure de titane, le si- 
liciure de molybdene, le borure de zirconium, 
le carbure de tungstene et le carbure de tanta- 



le. 

6. Appareil de chauffage-refroidissement forme d'une 
ceramique qui comprend : 

un corps fritte (40) ayant au moins un element 
parmi une face, au moins un trou (41, 42), au 
moins une cavite et au moins une gorge, des- 
tine chacun a contenir un objet a chauffer ou 
ref roidir, I'ensemble du corps fritte (40) compre- 
nant une ceramique conductrice de Telectricite, 
si bien que le corps fritte lui-meme (40) forme 
un element de chauffage par resistance utilise 
comme dispositif de chauffage, et 
un dispositif de refroidissement qui contient un 
organe d'alimentation en fluide de refroidisse- 
ment (11 ; 50) place a I'exterieur du corps fritte 
(40) pour la transmission d'un fluide de refroi- 
dissement au corps fritte, et au moins un ele- 
ment choisi parmi : une partie de surface du 
corps fritte, une partie inegale formee sur une 
partie de la surface du corps fritte, au moins un 
trou debouchant de refroidissement (38, 39 ; 
57-59 ; 62) par lequel circule le fluide de refroi- 
dissement, form6 dans le corps fritte, une pla- 
que de rayonnement thermique (30) ayant des 
ailettes et placee sur le corps fritte, et une pla- 
que de rayonnement thermique ayant une 
structure en nid d'abeilles et placee sur le corps 
fritte, chaque element etant destine a effectuer 
un echange de chaleur avec le fluide de refroi- 
dissement qui est transmis. 

7. Appareil ce chauffage-refroidissement forme d'une 
ceramique seton la revendication 6, dans lequel : 

le corps fritte (40) est une ceramique conduc- 
trice de I'electricite quelconque choisie dans le 
groupe constitue par le carbure de silicium, le 
nitrure de titane, un melange de nitrure d'alu- 
minium et de carbone, et un melange de nitrure 
de silicium et de siliciure de molybdene. 

8. Appareil de chauffage-refroidissement forme d'une 
ceramique selon Tune quelconque des revendica- 
tions 1 a 7, dans lequel : 

la plaque de rayonnement thermique comporte 
une substance quelconque choisie parmi un 
metal et Une ceramique. 

9. Appareil de chauffage-refroidissement forme d'une 
ceramique selon I'une quelconque des revendica- 
tions 1 a 7, dans lequel : 

le trou debouchant de refroidissement au 
moins comprend plusieurs trous debouchants 
(57, 58, 59), et chacun des trous debouchants 
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a une structure en nid d'abeilles. 

10. Appareil de chauffage-refroidissement forme d'une 
ceramique selon Tune quelconque des revendica- 
tions precedentes, dans lequel : 5 

un trou d'observation au moins (55, 56) est des- 
tine a permettre I'observation de I'objet a chauf- 
fer ou refroidir et qui communique avec Jedit 
trou au moins, ladite cavite au moins ou ladite 10 
gorge au moins du corps fritte (1 ; 1 2 ; 23 ; 31 ; 
40 ; 51 ; 60) destinee a contenir I'objet a chauf- 
fer ou refroidir, est formee dans le corps fritte 
(1 ; 12; 23; 31 ; 40; 51 ; 60). 

15 

11. Appareil de chauffage-refroidissement forme d'une 
ceramique selon la revendication 10, dans lequel : 

le trou d'observation au moins (55, 56) est rem- 
pli d'une substance choisie parmi une cerami- 20 
que permeable optiquement, un verre permea- 
ble optiquement et une resine permeable opti- 
quement. 
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